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effects on prenatal and/or postnatal development of the offspring. In humans, 
stressful life events experienced during pregnancy have been linked to lowered 
birth weights, developmental delays, cognitive impairments, and altered emotion- 
ality in children of stressed mothers (Field, Sandberg, Quetel, Garcia, & Rosario, 
1985; Lederman, Lederman, Work, & McCann, 1981; Minde, Webb, & Sykes, 
1968; Meijer. 1985), although many studies have suffered from inherent confounds 
and other methodological dilficulties (Copans, 1974; Istvan, 1986). However, a 
large rodent liternture has accumulated that has documented a variety of postnatal 
behavioral and physiological effects as a result of experimentally induced stress 
to the mother during gestation (see Jofle, 1978; Weinstock, Fride, & Hertzberg, 
$988, for reviews). 

Evidence from rodemt studies suggests that prenatal stress exposure may 
adversely affect later postnatal behavioral and physiological responses to stressful 
events. Several studies have indicated that regulation of the hypothalamic- 
pituitary-adrenal (HPA) axis mny be altered in the offspring of prenatally stressed 
rodents (Fride, Dan, Feldon, Halevy, & Weinstock, 1986; Takahashi, Kalin, 
Barksdale, & Vanden Burgt, 1988). Greater increases in plasma ACTH and/or 
corticosteroid levels fulluwing a stressful event have commonly been reported for 
Prenatally stressed offspring as compared to controls (Ader & Plaut, 1968; Fride 
et al., 1986; Fride & Weinstock, 1988; Peters, 1982: Takahashi et al., 1988; Taka- 
hashi & Kalin, 1991) although not all results are consistent (Takahashi, Haglin, 
& Kalin, 1992). Prenatal stress has also been found to produce changes in brain 
opiate (Insel, Kinsley, Mann, & Bridges, 1990) and aminergic systems (Fride & 
Weinstock, 1988; Moyer, Herrenkohl, & Jacobowitz, 1978; Peters, 1982, 1990). 

In concordance with these findings, a number of investigations have also 
reporied enhanced behavioral responses to stress in prenatally stressed rodents 
(Fride et al., 1986; Fride & Weinstock, 1988). The behavioral differences are 
generally characterized as an increased frequency of disturbance and defensive 
behavior and/or heightened emotionality in prenatally stressed animals under 
postnatal testing conditions (Ader & Plaut, 1968: Grimm & Freider, 1987; Fride 
& Weinstock, 1988; Fride et al., 1986; Takahashi, Baker, & Kalin, 1990). Further, 
increased behavioral responsivity may be accompanied by a reduced propensity 
for normal social behavior such as play (Fakahashi et al., 1990). 

There have been fewer studies of prenatal stress effects on offspring in nonhu- 
man primate models. Sackett (1990, 1991) found that frequent capture stress during 
midgesiation was associated with increased fetal loss in pigtail monkeys. Tests 
of surviving offspring showed that prenatally stressed infants exhibited deficits in 

» perseverative behavior (Sackett, 1991). as well as morphological changes (derma- 
loglyphic asymmetry) suggestive of altered fetal development (Newell-Morris, 
Fahrenbruch, & Sackett, 1989). While the underlying mechanism for these effects 
is not known, prenatal stress has been associated with transient fetal asphyxia 
(Morishima, Pederson, & Finster. 1978: Myers, 1975), nnd altered uterine conracti- 
bility (Nathanielsz, Jansen. Yu. & Cabaluin, 1984) in the rhesus monkey. 

More recent resulls from our laboratory showed that offspring of rhesus mon- 
key mothers exposed to repeated unpredictable stress during mid- to late gestation 
exhibited lower birth weights, impaired neuromotor development, attentional 
deficits (Schneider. 1992b), delays in acquisition of Piagetian object permanence 
(Schneider, 1992a), and more disturbance behavior and less exploration under 
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to a smaller cage in an adjacent darkened room, and randonily administering three 
1-5 noise bursts over a 10-min period. The noise bursts were generated by an 
alarm horn that produced a 115-db, 1300-Hz sound from a distance of | m(Schnei- 
der, 1992). This protocol was found to significantly elevate plasma cortisol levels 
of stressed mothers (Schneider, unpublished data). Control mothers were housed 
under identical conditions but remained undisturbed except for infrequent blood 
sampling. There were no significant differences in age, weight, or parity between 
maternal treatment groups. 


Offspring Testing Procedures 


When the subjects were approximatcly 18 months of age, they were exposed 
lo five conditions: (a) Baseline (undisturbed in the home cage), (b) Move only—The 
peer group was removed from the home cage via transport cage and placed ina 
cage of similar size in a nearby room, (c) Move/Noise—The peer group was 
moved as above and exposed to the identical noise stressor used in the maternal 
Stress (reatment protocol. (d) Separation—The peer group was moved and subjects 
were placed in individual cages, (¢) Separation/Noise—The Peer group was moved 
and subjects were placed in individual cages and exposed to the noise stressor. 
Each condition lasted § days. Within each condition, the monkeys were tested 
once daily for 10 min per day for 5 consecutive days, Monday-Friday, for a total 
of 50 min of testing in each condition. Procedures were identical for all five 
test sessions within a condition. One peer group was tested per day. All groups 
experienced the baseline condition first, but were exposed to the stress conditions 
in random order. No observer was Present during the test sessions, instead. all 
lest sessions were videotaped for later behavioral data collection. In the baseline 
condition, videotapes were made of the undisturbed subjects in their home cages. 
In the experimental (stress) conditions (2-5), the groups were videotaped for 10 
min afer placement in the experimental cages and then returned to the home 
cage. Three videocameras were used to record the 3 members of a peer group 
while in adjacent cages in the separated conditions; one camera was used to record 
the group during nonseparated conditions. All testing occurred between 1400- 
1430 hr. ; 

All behavioral data were collected from the videotapes by a single observer 
blind to the maternal treatment condition of the juveniles and trained to 90% 
reliability by the first author. Absolute frequency data were recorded for each 
videotaped test session by focal animal technique. Data were recorded separately 
for each member of a peer group. thus, for test sessions from the nonseparated 
conditions, tapes were viewed three times. Each animal in a peer group served 
as a focal for the entire 10-min recording period. A number of social and solitary 
behavior categories were recorded. Nonsocial behavior Calegories that occurred 
with sufficient frequency for analysis were defined as follows: (a) locomote—amn- 
bulation of one or more full steps. (b) environmental exploration—manual or oral 
exploration or manipulation of the physical surroundings, (c) self-directed—self- 
directed activity such as grooming, scratching, digit-sucking, etc, (d) sterev- 
fypy—any repetitive (three or more times) and thythmic motor movement, (e) 
vocalize—any audible sound produced by the focal monkey, (f) inactive—a sta- 
tionary position with no simultaneous motor activity. 
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stressful conditions (Schneider, 1992c) as compared to controls. Similar attentional 
and neuromotor effects were found in offspring of pregnant squirrel monkcys 
exposed to chronic social stress (Schneider & Cue, 1993). and also in offspring 
of shesus monkey mothers administered ACTH! during midgestation (Schneider. 
Coe, & Lubach, 1992). bint 

Most studies of the effects of prenatal stress on postnatal biological and 
behavioral development have been limited to the infancy period. ln order to test 
the hypothesis that prenatally stressed primate infants might also show enhanced 
vulnerability to stress later in life, we examined behavioral responses of prenatally 
stressed and control rhesus monkeys under buscline and challenge conditions 
when the unimals were juveniles, 


Methods 


Subjects 


The subjects were II juvenile rhesus monkeys (Macaca mulatta). Six (4 
female, 2 male) were derived from mothers exposed to chronic unpredictable 
psychological disturbance during pregnancy (experimental group). and 5 (2 female. 
3 male) were derived from mothers undisturbed during pregnancy (control group). 
Group sizes weve originally equal, however one control subject died of illness 
prior to this study. 

On the 2nd day of life, all infants were separated from their mothers and placed 
ina nursery facility, The infants were reared under standard nursery conditions for 
the Ist month postpartum (Ruppenthal, 1979). During this time, infants were 
socialized daily and each cage was enriched with toys, a moving surrogate. and 
a climbing apparatus (Schneider & Suomi, 1992). The infants also experienced 
frequent handling for measurement of body weight and collection of neurubehiav- 
ioral and physiological data. At | month of age they were formed into peer groups 
of 3 monkeys each. Throughout the Ist vear of life the monkeys also experienced 
frequent weighing and a number of noninvasive cognitive and social assessment 
procedures and behavioral observations (see Schneider. 1992n. 1992b, 1992c). 
and were trained to voluntarily enter a portable transport cage. They thus hid 
considernble prior expericnce with human observation and handling. 

Alt the time of the reported study the monkeys ranged in age from 17.5 to 19 
months (mean = 18.5). During the study they remained caged in their original peer 
groups in multinnimial rooms. They were maintained under controlled temperate 
(21°C) and lighting (16: B/he/light/durk) conditions, were fed commercial monkey 
biscuits and fruit daily, and had water available ad libitum. 


Maternal Stress Treatment 


The infants were derived from healthy laboratory-reared multiparous females 
that had been randomly assigned to either control (C) or stress (S) treatment 
groups. Experimental (stress) treatment consisted of repeated exposure to it anit 
stressor during mid- to late gestation (Day 90 through Day 145 postconception). 
Stress treatment was administered five times per weck (weekdays) at 1600 hr 
The stress protocol involved transferring the pregnant female from her home cape 
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Social behaviors were recorded in the nonseparated conditions. Those he 
occurred with sufficient frequency for analysis included: (a) contact srescr 
gross body contact or mutual ventral contact with embrace with one or more Pa 
animals, (b) partial contact—transitory body contact other than sree 
does not include clinging, and (c) proximiry—within a distance of 15 cm of unc 
animal. 


Data Analysis 


Behavioral data were summed to provide a total frequency for each Loaictesi 
category for each animal in each condition. Nonsociil behaviors Miahdheeanacae 
by two-factor ANOVA (Prenatal Treatment x Testing Condition) ActONs sR 
conditions; social behaviors were similarly analyzed across the three nunseparé 
conditions. Post-hoc comparisons were made by Scheffe tests. 


Resulls 


Nonsocial Behaviors 


Overall, nonsocial behaviors were gencrally unaffected by prenatal (reatinent, 
however, most of the nonsocial behaviors were affected by the progressive in- 
crease in stress imposed by the testing conditions. These results are ue in 
Figures | and 2. Figure 1A shows that the prenatally stressed aninals differe on 
controls in patterns of locomotion over the conditions, resulting ina ie team 
conditions effect, F(4,36) = 16.2, p = .0001, and interaction, F(4,36) = 7.1, Be 
002, whereas the main effect of group was not significant, F(1,9) = S53, p 2 at 

Results for stereotyped behavior are shown in Figure 1B. The prenatal en 
group showed a nonsignificant trend toward a higher overall frequency of er 
typies, F(1,9) = 3.0, p = .11, and this behavior varied across con 
both groups showing a higher stereotypy frequency in the dade nestaes Hea 
F(4,36) = 3.3, p = .02. This effect was somewhat more pronounced in ve iste oe 
stress group, although the interaction was not significant, F(4,36) el. Ie re f 
nor was a between-group comparison of the baseline condition alone, p = - ai 

Environmental exploration also did not differ significantly between won: 
F(1,9) = .25, p = .62, but overall frequency was higher in the baseline aut re 
sep-noise conditions, F(4,36) = 34.1, p = 0001 (Figure 2A), although the cia f 
tion was not significant, F(4,36) = L.l,p = 36. There was also no ae eae 
effect of prenatal treatment for inactive behavior, /(1.9) = 09, Ds ya we 
highly significant effect for conditions, F(4,36) = 45.6, Dis OO0T (Figure: ie ne 
interaction was not significant, F(4,36) = 10. p = 98. Vhere were no signi pate 
effects for group, condition, or interaction for vocalization frequency, nor for scll- 


directed behavior. 


Social Behaviors 


In contrast to the results for nonsocial behavior, differences between ae 
prenatal treatment groups in frequencies of all three social behaviors measure 
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Fig. 0. (2) Mean(4 SEAS) frequency of locomotor behavior during baseline anu four increasingly 
swressful conditions for prenatally stressed and contro! rhesus macaques. (b) Mean (+ SEAS) frequency 
@f stereotyped behavior during baseline and four increasingly stressful conditions for prenatally stressed 
ead control rhesus macaques 


were robusi, as can be seen in Figure 3. As shown in Figure 3A, partial contact 
with other animals was higher in the control group in all three conditions, F(1,9) 
= 21.6, p = .UUI, and increased over the conditions, F (2,18) = 8.8, p = .WU?. 
Post-hoc fests showed significant group effects for the move-only and move-noise 
conditions, ps < .05, and condition effects between Conditions | and 3, and 2 
and 3, ps < .02. r 

The control group also showed higher levels of proximity to others under the 
three conditions (Figure 3B, F(1.9) = 12.7, p = .0U6, but proximity did not dilfer 
significantly across conditions, F = (2,18) 2.5, p = .U. The group effect was 
significant in post-hoc tests for the move-only condition, p< Ol. 
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Fig. 3. 


two stressful conditions for prenatally stressed and control shesus macaques. 


by the testing conditions. However, some pattern differences across conditions 
were noted. The groups differed in patterns of locomotion across conditions, with 


(a) Mean (4 SEAY) frequency of partial contact with cagemates during baseline and tua 
stressful conditions for prenatally stressed and control rhesus macaques. (b) Mean (+ SEAL) frequency 
of proaimity to cagemates during baseline and two stressful conditions for prenatally stressed and 
comirol rhesus macaques. (c) Mean (¢ SEAL) frequency of clinging to cagemates during baseline and 


the control group showing more locomotion in the baseline condition than the 
prenatally stressed group, but less under the stress conditions. In addition, there 
was a nonsignificant trend for the prenatally stressed group to show higher frequen- 
cies of abnormal behavioral stereotypies, which was more pronounced under 
baseline. In light of previous research, it is somewhat surprising that the (wo 
behaviors traditionally consid@ted indicative of heightened ‘temotionality,”” that 
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CHVIRONMENTAL EXPLORATION 
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Fig. 2. (n) Mean (+ SEAS) frequency of environmental exploration during baseline and four 
increasingly stressful conditions for prenatally stressed and control rhesus macaques. (b) Mean(+ SEA) 
frequency of inactive behavior during baseline and four increasingly stressful conditions for prenatally 
stressed and control rhesus macaques. 


In contrast, the prenatal stress group engaged in more clinging during the 
three conditions as illustrated in Figure 3C, F(1,9) = 14.9. p = .003. The group 
effect was significant in both stress conditions, ps < .02, but not for baseline. 
This behavior also varied between conditions, F = (2.18) 5.5. p = .01. witha 
significant increase in the move-only condition over baseline, p < .001. 


Discussion 


There were no significant effects of prenatal treatment on any of the nonsoci:l 
behaviors analyzed. even though all of these behavior categories were affected 
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is, environmental exploration and abnormal (stereotyped) behavior, were not 
significantly affected by prenatal treatment. 

This finding contrasts with that of earlier studies of these and other rhesus 
infants during the Ist year of life. In the previous study, the prenatally stresscu 
infants were consistently lower in gross motor and exploratory behavior and 
showed more disturbance behavior under the mildly stressful condition of being 
placed in a novel environment (Schneider, 1992c). These early nonsocial behav- 
ioral effects apparently diminished later in life, probably as a result of the fact that 
juvenile rhesus monkeys show more peer-directed behavior relative (o nonsocial 
behavior than at younger ages (Hinde & Spencer-Booth, 1967), and this effect is 
particularly pronounced in peer-reared monkeys (Champoux, Metz, & Suomi. 
1991). 

The control group showed more social contact and proximity in both baseline 
and stress conditions, whereas the prenatally stressed group showed higher fre- 
quencies of mutual clinging under these conditions. While mutual clinging might 
in some respects be considered a highly social behavior, it is also considered in 
abnormal behavior observed at very high rates in peer-reared animals, but rarcly 
observed in mother- or group-reared animals (Harlow, Harlow, & Suomi, 1971). 
In this study, all of the subjects were peer-reared, and both groups showed higher 
levels of clinging than other social contact or proximity under all conditions. 
However, the prenatally stressed group showed significantly higher levels of cling- 
ing than controls in both nonseparated stress conditions, but not under baseline. 
High levels of clinging under stress induced by peer-rearing thus appeared to be 
exacerbated by the prenatal stress treatment. While very few studies have exam- 
ined the effects of prenatal stress on social behavior, these results for effects on 
normal social behavior are similar to those of Takahashi et al. (1990), who fount! 
a reduced propensity for social play in prenatally stressed rats as compared t- 
controls. 

Social behavior by both groups was enhanced under stress. suggesting thit 
both groups utilized ‘social support’’ under stress. In previous studies of nonhu- 
man primates experimentally exposed to stress, the presence of social companions 
has been found to mitigate stress responsivily of the exposed animals (Stanton. 
Patterson, & Levine, 1985; Weiner & Levine, 1992). This interpretation is sup 
ported by results of the post-hoc comparisons. While there were no group diflcr- 
ences for any of the three social behaviors under baseline, the control grou: 
showed greater proximity to others in the third condition, and greater contact 
with others in both stress conditions. Somewhat analogously, the prenatilly 
stressed group showed higher frequencies of clinging under both stress condition: 
than controls. Thus, while both groups increased their frequency of social interac 
tion under stress conditions over baseline, the control group sought social supp 
under stress from their peer cagemates by engaging in significantly higher tevel- 
of the normal social behaviors of proximity and contact, whereas the prenatally 
stressed group sought social support by significantly increasing their rates « 
clinging. an abnormal social behavior. 

While the mechanisms by which prenatal stress allers behavioral developmen 
of the offspring are largely unknown, alterations in postnatal behavior are likely 
a result of some alterations in CNS function. Previous studies that have foun 
evidence of alterations in function of brain opiate systems (Insel et al., 1990) nm 
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several aminergic systems as a result of prenatal stress (Fride & Weinstock, 1988; 
Moyereteal., 1977; Peters, 1982, 1990). The diversity of behavioral effects observed 
in previous studies suggests that more than one CNS region or system may be 
involved. Thus, functional alteration in any one or more of these systems might 
provide a substrate for the behavioral effects observed (Kracmer, 1992). More 
specifically, at lenst some behavioral effects of prenatal stress are consistent with 
evidence of damage or impaired development in the hippocampus, a region known 
to be particularly vulnerable to perturbation during early development (Wyss & 
van Groen, 1989). Changes in this region may underlie the cognitive deficits as 
well as the enhanced behaviornl responsivity to stress that prenotally stressed 
animals display (Bachevalier, 1991). Further, administration of glucocorticoids 
prenatally causes hippocampal damage in the rhesus monkey, even at low doses 
(Uno et al.. 1990). Administration of ACTH to pregnant rhesus monkeys has been 
found to mimic the neuromotor and behavioral alterations observed in offspring 
of rhesus monkey mothers exposed to stress during gestation (Schneider et al., 
1992). The consistent alterations in IPA activity observed in prenatally stressed 
rodents and primates thus suggest a role for this system at the CNS level in the 
behavioral sequelae of prenatal stress. 


In summary, our results are in general agreement with those from a number 
of rodent studies which have indicated that early stressful experience, both pre- 
and postnatally, may produce long-term alterations in stress responsivity. The 
results reported here indicate thal prenatal stress to the primate fetus may have 
long-term posinatal effects upon some aspects of behavioral responsivity under 
both baseline and stressful conditions, and that these effects may persist for at 
feast 2 years following prenatal stress exposure. It is of interest that all three 
measurable social behaviors were highly affected by prenatal treatment, whereas 
nonsocial behaviors were relatively unaffected. Altogether, these resulis demon- 
strate consistent and lasting alterations in behavioral responsivity to later stressful 
experiences in prenatally stressed primate infants. 


Notes 
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session stirs 
up emotions 


by Karen L. Stewart 

LA JUNTA — Communication 
was the top Ilem on the agenda 
May 8 at the second of seven 
Colorado Airspace Initiative 
public hearings. "We want the 
ranchers to know and 
understand we are aware of the 
concerns and Issues related to 
domestic animals and wildlife,” 
sald Dick Masey, Air National 
Guard domestic and wildlife 
expert. "We are concerned with 
the impact on the day-to-day 
living in those areas.” 

The tssue was not without 
opposition with verbal protests 
presented by area residents. “We ; 
are very opposed to more 
flights,” said Kimmie Lewts of 
Muddy Valley Ranch south of La 
Junta. “They (the cows) run 
through fences... they hit those 

See “Airspace* on page 10 
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Airspace 


conbtnued from page 1 


fences and get broken legs... 
they get injured.” 

Lewis’ frustration did not end 
with the impact on the animals. 
“We can pay the taxes, we can 
ralse the beef you buy tn 
Safeway, we can pay the bills, 
but when fs It going to stop? All 
these regulations (that are 
imposed upon us... when 1s it 
eolne to be enough?” 

The formal review and 
comment period began March 
29, 1996, and will conclude 
June 5 afler which time the Alr 
National Guard will continue to 
respond to all public comment 
during the environmental tinpact 
statement process. 

Born out of the training needs 
of the Colorado Air National 
Guard's Buckley base, Kit 
Carson military operations and 
alr rerouting for Denver 
International Airport, the report 
has been In progress more than 
two years. 






Kel In Response To Important Traini 


Developed A Proposal We 


Xu 
Ip I Oh 





“The Air Natlonal Guard has 
modified the first proposal into a 
preferred alternative based on 
the public comment collected,” 
sald Steve Wolfe, Alr National 
Guard environmental Programs 


213 


Vol 49 No. 11 


Arkans 


“Focusing on Agriculture In Colorado and Agyacent Stales Since 1949* 
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— MAY 16, 1996 
-_—_—_—_—_—_—— 


STEVE 
WOLF, an Air 
National Guard 
official from 
Washington, 
D.C., explained 
the proposed 
changes which 
will impact 
airspace’ in 
Colorado during 
the Colorado 
Airspace 
Initiative public 
hearing May 8 
in La Junta, At 
right, a prefered 
alternative 
airspace map 


in gray shading. 


chief of public affairs. ~Phis thing 
has had a lot of Input from the 
community and elected offictals. 
The citizens of Colorado have 
helped us rewrite our proposal 
and we are able to account for 


Wyoming dX a 





New Menico Oklahoma 


details the new or modified military operation areas 


aboul 98 percent of the cllzen's 


compromise will be acceptable to 
land owners 





50¢ Per Copy 





sit (OatteN 
Hida NGG suegmee 

Photoe by Karenl. Stewart 
KIMMIE LEWIS of Muddy 
Valley Ranch south of La Junta, 
presented a verbal protest 
during the airspace hearing 





Waining requirements. "We take 
a lot of pain Uying bo determine 
Where lo do this,” said Mascy. 
“Hopefully tt melts down to 
Something that works for 
everybody.” 

Additional public Meetings will 
be 5-10 p.m. on May 21 al the 
Cheyenne County fairgrounds 
communtiy building ta Cheyenne 
Wells and May 22 at Rangeview 
High School in Aurora. 

fo oblain a copy of the Draft 
Environmental tmpact Statement 
or lo submit written comments, 
Write Alr Nattonal Guard 
Keadiness Center, Program 
Manager, CAI-EIS, 
ANGRC/CEVP, 3500 Fetchet 
Ave Andrews AFRO Md 20762. 
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Figure 1: Wilderness Areas and National Forest Areas located in the La Veta MOA 
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